Saccharopolyspora spongiae sp. nov., a novel actinomycete isolated from the marine sponge Scopalina ruetzleri (Wiedenmayer, 1977) 
The genus Saccharopolyspora belongs to the family Pseudonocardiaceae and was first described by Lacey and Goodfellow [1] to accommodate an actinomycete isolated from sugar cane bagasse. The genus currently encompasses aerobic, Gram-positive, non-acid-fast organisms which form branched substrate mycelium that may fragment into rod-shaped and/or coccoid structures [2] . In some species, the substrate hyphae remain intact or are partially transformed into chains of spores. Aerial mycelium, when present, generally differentiates into beadlike chains of spores containing a smooth sheath [3] . Members of the genus Saccharopolyspora are also characterized by the presence of meso-diaminopimelic acid in the cell wall, arabinose and galactose as the diagnostic sugars in the whole-cell hydrolysates, fatty acid profiles comprised mainly of iso-and anteiso-branched chain compounds, phospholipid pattern III (phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and phosphatidylmethylethanolamine; sensu Lechevalier et al. [4] ) and tetra-hydrogenated menaquinone with nine isoprene units (MK-9[H 4 ]) as the predominant isoprenologue, but lack mycolic acids [5] [6] [7] . The DNA G+C contents of members of the genus fall within the range 66-77 mol% [2] .
The genus encompasses 27 recognized species of which 17 were identified in the last 10 years. Most of these species were isolated from soil samples [8] [9] [10] [11] [12] [13] [14] [15] , saline lakes [16] [17] [18] [19] [20] [21] and endophytic associations [22] [23] [24] [25] . Furthermore, some members of Saccharopolyspora have been recovered from symbiotic associations with marine sponges, but polyphasic taxonomic studies have rarely been described [26] [27] [28] [29] [30] . At the time of writing, only one isolate from the marine sponge Haliclona sp. was the subject of a taxonomic analysis and consequently described as a novel species, namely Saccharopolyspora cebuensis [31] . Recently, interest in the genus Saccharopolyspora has increased due to its biotechnological appeal, mainly as a source of unique biocompounds [26, 28, 29, [32] [33] [34] . However, despite this scientific and economic importance, only erythromycin and spinosyn produced by Saccharopolyspora erythraea and Saccharopolyspora spinosa, respectively, have reached the market [35, 36] . The present study is a part of our investigations into the diversity of actinomycetes associated with marine sponges from Saint Peter and Saint Paul Archipelago, Brazil [37] . In this study, a halotolerant actinomycete, designated strain CMAA 1452 T , was isolated. Based on data from the present polyphasic taxonomic study, the isolate deserves to be considered to represent a novel species of the genus Saccharopolyspora. T was isolated from a ground sponge tissue suspension on M1 agar medium [38] containing artificial seawater (ASW: 33 g Red Sea Salt l
À1
; Red Sea), amended with cycloheximide and nystatin (each at 25 g ml
) and incubated at 25 C for 4 weeks. The strain was purified and maintained on ISP 2 agar medium [39] at 4 C and as a cell suspension in 20 % (v/v) glycerol at À80 C. Biomass for chemical and molecular systematic studies was grown in shake flasks of ISP 2 broth for 5 days at 28 C, harvested by centrifugation and washed twice in distilled water.
The phylogenetic position of strain CMAA 1452
T was determined by 16S rRNA gene sequence analysis. Genomic DNA extraction, PCR amplification and 16S rRNA gene sequencing were achieved following Kim et al. [40] . The almostcomplete 16S rRNA gene sequence (1486 bp) was aligned using MEGA version 6 software [41] against corresponding sequences of closely related type strains of Saccharopolyspora species retrieved from the GenBank database using the EzTaxon-e server [42] . Phylogenetic trees were inferred by using the maximum-likelihood [43] , maximum-parsimony [44] and neighbour-joining [45] tree-making algorithms drawn from the MEGA 6 package. The evolutionary distance matrix for the neighbour-joining analysis was generated using the Tamura-Nei parameter (TN93+G+I) model [46] . The appropriate nucleotide substitutions for the maximum-likelihood analysis were selected by the Bayesian Information Criterion (BIC) using the MEGA version 6 software and found to follow the General Time-Reversible (GTR+G+I) model. Topologies of the resultant trees were evaluated by bootstrap analysis [47] based on 1000 replicates. The percentage of G+C content in the genomic DNA was determined by the method of Gonzalez and Saiz-Jimenez [48] , using two individual plates and three wells as replicates.
It can be seen from Fig. 1 [52] . The hybridization data corroborated those found by Zhang et al. [25] and Sinma et al. [53] in which some Saccharopolyspora species share high 16S rRNA gene sequence similarities but moderate DNA-DNA relatedness and therefore reinforce the necessity to use polyphasic approaches for correct taxonomic placement of newly isolated Saccharopolyspora members.
Strain CMAA 1452
T was examined to establish whether it had a chemotaxonomic profile typical of Saccharopolyspora members. Standard procedures were used to determine the isomers of diaminopimelic acid [54] , whole-organism sugars [55] , polar lipids and predominant menaquinone [56] . Biomass for fatty acid methyl ester analysis was produced from trypticase soy agar (TSA; Difco) after growth at 28 C for 3 days. Fatty acids of strain CMAA 1452 T were methylated, separated by GC (Hewlett Packard 6890) and analysed by using the standard Sherlock Microbial Identification (MIDI) system and the ACTINO version 5 database [57] .
The organism was found to contain meso-diaminopimelic acid, arabinose and galactose in whole-cell hydrolysates (wall chemotype IV and type A sugar pattern sensu Lechevalier and Lechevalier [5] ), a complex phospholipid pattern consisting of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, phosphatidylmethylethanolamine, phosphatidylethanolamine, phosphatidylinositol mannosides, phosphatidylinositol, unknown glycolipids, an unknown phospholipid and an unknown lipid (phospholipid pattern type PIII [58] ) (Fig. S2) , but lacked mycolic acid. A tetra-hydrogenated menaquinone with nine isoprene units (MK-9[H 4 ]) was the major isoprenologue in strain CMAA 1452 T at 82.95 % of the total, whilst minor amounts of MK-9[H 2 ] and MK-9 were also detected (15.55 and 2.5 %, respectively). Fatty acid analysis revealed that strain CMAA 1452 T contained major amounts (>10 %) of iso-C 16 : 0 (26.24 %), iso-C 15 : 0 (20.11 %), iso-C 17 : 0 (13.26 %), summed feature 9 (C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c; 11.29 %) and anteiso-C 17 : 0 (10.65 %) ( Table 1) . These chemical features are also in line with the classification of isolate CMAA 1452 T in the genus Saccharopolyspora [2] .
Cultural characteristics were determined using standard ISP media [39] and on potato-dextrose agar, Czapek's agar and nutrient agar after incubation at 28 C for 21 days. Spore ornamentation and arrangement were observed on goldcoated dehydrated specimens using a scanning electron microscope (Phenom-World) [59] . Tests of temperature tolerance (4, 10, 15, 20, 25, 28, 30, 37, 40 and 45 C), pH (4.0-10.0) and NaCl concentrations (0, 3, 5, 7, 10, 12 and 15 %, w/v) were checked using ISP 2 culture medium after growth at 28 C for 8 days. Degradation and assimilation of various carbon sources were checked using the procedures described by Kurup and Schimitt [60] , Gordon et al. [61] and Williams et al. [62] . Enzymatic activities were determined using API ZYM strips (bioM erieux), according to the manufacturer's instructions.
Isolate CMAA 1452
T was an aerobic, Gram-stain-positive, non-acid-alcohol-fast actinomycete that formed extensively, but not fragmented, branched substrate mycelia. T among members of the genus Saccharopolyspora. Open circles indicate branches of the tree that were conserved when the maximum-parsimony and maximum-likelihood methods were also used in reconstructing phylogenetic trees; filled circles indicate branches that were recovered with the maximum-parsimony and neighbour-joining tree-making algorithms. Numbers at nodes are percentage bootstrap values based on 1000 resampled datasets (only values !50 % are given). Bar, 0.01 substitutions per nucleotide position. Thermomonospora alba JCM 3077 T was used as an outgroup.
grew relatively well on most of the tested media (exception was found for ISP 3 and ISP 7 agar media) but no soluble pigments were observed (Table S1 ). The colour of the vegetative mycelium was predominantly pale yellow whereas the aerial mycelium was white on ISP 2 medium but sparse or absent on the other tested media. The aerial mycelium differentiated into straight or flexuous chains of 4-7 ovalshaped and smooth-surfaced spores after growth on ISP 2 medium at 28 C for 21 days (Fig. 2 ).
Strain CMAA 1452 T could be distinguished from the type strain of its nearest neighbour, S. dendranthemae, based on a combination of phenotypic properties, notably by its ability to degrade casein, cellulose, chitin and aesculin, and ability to grow on D-galactose and sorbitol, but not on dextrin, D-ribose or D-xylose as sole carbon sources, ability to use L-asparagine, L-histidine, L-lysine, L-serine or L-valine as sole nitrogen sources, and by its capacity to produce acid from cellobiose, Dfructose, D-galactose, maltose or xylose ( Table 2 ). The new isolate also degraded xanthine, hypoxanthine, tyrosine, starch, Tween 80, xylan and uric acid, but not adenine or urea. DArabinose, maltose, L-rhamnose and xylitol were used as sole carbon sources, but not L-arabinose, lactose, D-mannose or raffinose. It produced acid phosphatase, alkaline phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, chymotrypsin, a-glucosidase, b-glucosidase, cystine arylamidase, esterase (C4), esterase lipase (C8), lucine arylamidase, N-acetyl-b-glucosaminidase and trypsin, but not a-fucosidase, agalactosidase, a-mannosidase, b-glucosidase or lipase (C14) as determined by APY ZYM tests.
The results of the present study demonstrated that strain CMAA 1452 T has morphological, chemotaxonomic and molecular genetic properties in line with its classification in the genus Saccharopolyspora [2] . The isolate can be distinguished from the type strain of S. dendranthemae using DNA-DNA relatedness, 16S rRNA gene sequence and phenotypic data. It can also be concluded from the genotypic and phenotypic data that the isolate CMAA 1452 T can be distinguished readily from other members of the S. flava 16S rRNA gene subclade. It is therefore proposed that the isolate CMAA 1452
T be recognized as representing a novel Saccharopolyspora species, namely Saccharopolyspora spongiae sp. nov.
DESCRIPTION OF SACCHAROPOLYSPORA SPONGIAE SP. NOV.
Saccharopolyspora spongiae (spon¢gi.ae. L. gen. n. spongiae of a sponge, referring to the source of isolation, a marine sponge). Aerobic, Gram-stain-positive, non-acid-alcohol-fast actinomycete that forms an extensively branched substrate mycelium, which carries aerial hyphae that differentiate into short, straight or flexuous chains of smooth-surfaced spores on ISP 2 medium. Diffusible pigments are not produced.
Growth occurs at 15-30 C (optimum 25 C), pH 6.0-10.0 (optimum pH 7) and in the presence of 0-7.0 % (w/v) NaCl (optimum 3 %). Degrades casein, chitin, aesculin, xanthine, hypoxanthine, starch, tyrosine, cellulose, xylan, uric acid and Tween 80, but not adenine or urea. D-Arabinose, Tables 1 and 2 . Chemotaxonomic properties are typical of the genus Saccharopolyspora.
The type strain, CMAA 1452 T (=DSM 103218 T =NRRL B-65384 T ), was isolated from the marine sponge Scopalina ruetzleri, collected from St. Peter and St. Paul archipelago, Brazil. The G+C content of the DNA of the type strain is 64.8 mol%. The species description is based on a single strain and hence serves as the description of the type strain. 
